Slow-growing mycobacteria have a single ribosomal RNA (rrn) operon, with the genes for 165, 235 and 55 rRNA being present in that order. The transcription start site of the rrn operon of Mycobacterium tuberculosis was identified in Escherichia coli. PCR methodology was used to amplify parts of the rrn operon, namely the leader region and the spacer-I region separating the 16s rRNA and 235 rRNA genes of Mycobacterium avium, Mycobacterium paratuberculosis, Mycobacterium intracellulare, 'Mycobacterium lufu ' , Mycobacterium simiae and Mycobacterium marinum. The amplified DNA was sequenced. The sequence data, together with those obtained previously for Mycobacterium leprae and M. tuberculosis, were used to identify putative antitermination signals and RNase 111 processing sites within the leader region. Notable features include a highly conserved Box B element and a sequence of 31 nucleotides which is common to all eight slow-growers which were scrutinized. A secondary structure for mycobacterial precursor-I 65 rRNA was devised, based on sequence homologies and homologous nucleotide substitutions. The 18 nucleotides a t the 5'-end of spacer-I have the capacity of binding sequences close to the 5'-and 3'-ends of mature 16s rRNA, suggesting that secondary structure is important to the maturation process. All the slowgrowers, including M. leprae, conform to the same scheme of secondary structure. The scheme proposed for M. tuberculosis is a variant of the main theme. The leader and spacer sequences may prove a useful supplement to 165 rRNA sequences in establishing phylogenetic relationships between very closely related species. 'M. lufu'appears t o be a close relative of M. intracellulare.
INTRODUCTION
Mycobacteria are Gram-positive, acid-fast bacteria which include the human pathogens Mycobacterizlm leprae and Mycobacterizlm tzlberczalosis. The slow growth of these pathogens is also a feature of many other members of this genus. There is a broad correlation between the rate of growth of a bacterium and the number of its ribosomes (Bremer & Dennis, 1987; Winder & Rooney, 1970) . In turn, the number of ribosomes is determined by the production of rRNA. The rate at which mature rRNAs are produced depends on factors which include the number of ribosomal RNA (rm) operons present, the strength of their promoters and the efficiency with which the operons are transcribed and processed. The latter two factors are important to M. leprae, 111. tuberculosis and other slow-growing mycobacteria which have a single rrtz operon (Bercovier e t d., 1986) . This operon has the classical structure (Liesack e t d., 1990 (Liesack e t d., , 1991 Sela & Clark-Curtis, 1991 ; Suzuki e t a/., 1988; Kempsell et al., 1992) , viz. leader region, 16s rRNA gene, intergene spacer-1, 23s rRNA gene, intergene spacer-2, 5s rRNA gene (Fig. 1) .
The EMBL accession numbers for the nucleotide sequence data reported in this paper are X74054 t o X74063.
The transcription process is fully efficient if each initiation event leads to a complete copy of the operon, precursor 
5'
pre-16s rRNA pre-23s rRNA pre-5s rRNA "3' rRNA (pre-rRNA), from which mature 16S, 23s and 5s rRNA can be produced. Premature termination, which would lower the efficiency of pre-rRNA production, is reduced by means of antitermination signals incorporated in the transcript (see for example Berg e t al., 1989) . Three such signals or elements (namely Box B, Box A and Box C, in that order) were found to be present in the leader region (sequences upstream from the 5'-end of 16s rRNA) of transcripts of the rrn operon of M . leprae and also M . tzlberczllosis (Kempsell e t al., 1992) .
Mature rRNA species are derived from pre-rRNA by successive steps of cleavage by nucleases. For example, part of the leader sequence interacts with spacer-1 sequence to form a long base-paired stem which is cleaved to generate precursor 16s rRNA (pre-16s rRNA) from which mature 16s rRNA is subsequently produced by further RNase action (Young & Steitz, 1978 ; for a review see Apirion & Miczak, 1993) .
Here we present the sequence of the leader region and the inter-gene region, spacer-1, of pre-rRNA of the slow- (Kempsell e t al., 1992) . The results provide insight into sequence elements important to the transcription of the rm operon and into the processing of pre-rRNA and pre16s rRNA. Non-culturable * The shortened name, shown in parentheses, is used in Fig. 3 . M . habana was first described following its isolation from cases of pulmonary tuberculosis (Valdivia Alvarez e t a/., 1971), and has been found to be closely related to M. simiae serovar 1 (Meissner & Schroder, 1975) ; currently isolates are formally referred to as M. simiae (Bruckner & Colonna, 1993 (v/v> Tween 80, 10 mM EDTA, 1 mM 2-mercaptoethanol and left at -20 "C for 16 h. An equal volume of chloroform was added to the suspension and mixed vigorously. After centrifugation, the supernatant was removed to a fresh tube, overlaid with 2.5 vols ice-cold ethanol and mixed by inversion. The DNA precipitate was recovered by centrifugation and washed with 70% (v/v) ethanol. This was then resuspended in 10 mM TrisfHCl (pH 7-6), 10 mM EDTA, 100 mM NaCI, 1.0 % (w/v) SDS, 0.5 mg proteinase I< ml-' at 37 "C for 4-6 h. The SDS was removed by incubation at 4 OC for 2 h followed by centrifugation. The supernatant was subjected to two rounds of chloroform extraction ; the DNA was then precipitated and resuspended in TE buffer by conventional means. Isolation of RNA from E. coli. Exponential-phase cells (10 ml) were collected and resuspended in 15 mM Tris/HCl, 0.45 M sucrose, 8 mM EDTA, 1 YO (w/v) SDS and 100 pg proteinase I< ml-'. After incubation for 15 min on ice, the protoplasts were harvested and resuspended in 10 mM Tris/HCl, 10 mM NaC1, 1 mM sodium citrate and 1.5% (w/v) SDS, mixed gently and incubated at 37 OC for 5 min. SDS, protein and DNA were precipitated by adding 250 p1 saturated NaC1. After centrifuging, RNA was precipitated with ice-cold 100 YO ethanol. The precipitated RNA was washed with 70% ethanol, and then redissolved in diethyl pyrocarbonate-treated water. The RNA was stored at -70 OC until use. Primer extension. The oligonucleotide primer, 5'-CTA T T G A G T TCT CAA ACA AC-3', which is complementary to nucleotides 37-56 (Fig. 3) was end-labelled with 32P by means of T 4 polynucleotide kinase, then gel-purified and dissolved in double-distilled H,O. The 32P-labelled primer (10 ng) was added to 7 pl H,O containing 20-30 pg total RNA. The mixture was denatured at 97 OC for 10 min and 2 pl of 2 x annealing buffer (50mM PIPES pH 6.4, 2 M NaC1) was added. The nucleic acids were annealed at 52 "C for 30 min, then at 42 "C for 20 min, after which 90 p1 reverse transcriptase buffer (60 mM NaC1, 10 mM Tris/HCl p H 8.3, 10 mM DTT, 8 mM MgCI,, 1 mM [dCTP, dGTP, dATP and dTTP] and 50 pg actinomycin D ml-l) containing 100 units Avian Myeloblastosis Virus (AMV) reverse transcriptase (Pharmacia) ml-' was added to each reaction. The reaction mixture was incubated at 42 "C for 1 h, extracted twice with phenol/chloroform, ethanol-precipitated and washed twice with 70 % ethanol. The extension products were separated on a 12 % polyacrylamideurea gel and visualized by autoradiography. DNA polymerase chain reaction (PCR). Bacterial DNA (1-100 ng) was subjected to PCR in a total volume of 50 pl, with 1 unit of T q polymerase (Advanced Biotechnologies), 50 mM KC1, 10 mM Tris/HCI p H 8-3, 1-5 mM MgCI,, 0.01 YO gelatin, 100 pmol of each of two appropriate primers and IP: 54.70.40.11
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200 pM of each dNTP (dATP, dCTP, dGTP, 'T'TP). The 50 pl mixture was covered by 50 pl of light mineral oil. The relevant gene fragment coding for spacer-1 was synthesized using primer combination 1 (5'-GCC AAG GCA TCC ACC ATG C-3' and 5'-ATT GAC GGG GGC CCG CAC AAG CG-3') and the gene fragment coding for the leader region was synthesized using primer combination 2 (primer L1 5'-GGG T T G CCC CGA AGC G-3' and 5'-CAC TGC TGC CTC CCG TAG G-3'). Amplification was achieved using 36 cycles. The reaction mixture was heated to 94 OC for 1 min, kept at 58 OC for 1 min, then heated to 72 "C for 2.5 min, and this cycle was repeated 35 more times. Finally, the solution was heated to 94 "C for 15 s, then kept at 58 "C for 1 min and at 72 OC for 5 rnin. PCR cloning. The products of PCR were separated by agarose gel electrophoresis. DNA was recovered from the gel by using glass milk (Vogelstein & Gillespie, 1979) . DNA was resuspended in 20 pl water. Bluescript plasmid was digested with EcoRV and incubated with Tag polymerase (1 unit per pg plasmid per 20 pl vol.) using standard buffer conditions (50 mM KC1, 10 mM Tris/HCl pH 8.3, 1.5 mM MgC1, and 200 pg BSA ml-l) in the presence of 2 mM dTTP for 2 h at 70 OC. The addition of a single thymidine at the 3'-end of each restricted vector will facilitate the ligation with PCR products whch are found to have an overhanging adenosine residue at the 3'-end (Clark, 1988) . After phenol extraction and ethanol precipitation, the vector was ready for cloning. The ratio of vector to insert was kept 1/1, 1 pl 10 x ligase buffer (100 mM Tris/HCl pH 8.0, 75 mM MgCl,, 10 mM ATP, 100 mM DTT and 2 mg gelatin ml-l) and 1 p1 ligase enzyme (1 unit p1-l) were added and the mixture was incubated overnight at 16 "C. Sequencing double-stranded DNA. At least three colonies from the same ligation reaction were selected, cultured and plasmid DNA isolated. Sequences of the inserted DNAs were determined. This procedure reduces the possible errors caused by PCR amplification (Saiki e t al., 1988) . The DNA was denatured in 0.2 mM EDTA (30 min at 37 "C). The mixture was neutralized with 3 M sodium acetate and DNA was precipitated with ethanol. DNA was resuspended in 7 pl H,O, then 2 pl Sequenase reaction buffer and 1 pl 3 pM primer were added. The annealing reaction was heated to 65 "C for 2 min and slowly cooled to 37 OC, then 5.5 p1 of labelling mix containing 25 mM DTT, 10 pCi (370 kBq) [35S]dATPolS, 1 : 5 dNTP mixture and 2 units T7 DNA polymerase was added. This mixture was divided equally into four tubes each containing 2.5 pl of an appropriate termination mix (ddNTP), which were incubated at 37 "C for 5 min. The reactions were stopped by addition of 4 pl stop mix and samples were analysed by denaturing polyacrylamide gel electrophoresis on 8 M urea/6 YO polyacrylamide/0*5-2.5 9'0 TBE buffer-gradient gels.
Computer-aided analysis of the alignment of nucleotide sequences of the leader and spacer regions was performed using PILEUP, which is part of the GCG sequencing analysis software package (Devereux e t al., 1984) . PILEUP can perform automatic multiple sequence alignments according to the relationship between the sequences.
RESULTS
The 5'-end of pre-rRNA of M. tuberculosis
The transcription start site of the rnz operon is marked by the 5'-end of pre-rRNA. An attempt was made to identify this site by the primer extension method using M .
tzlberczllo.ris rRNA (25 pg per assay) as the substrate. No product was detected. This negative result suggests that processing rapidly follows transcription so that the ratio pre-rRNA : rRNA is likely to be inversely proportional to the doubling time of the bacterium. For slow-growers like M. tzlberculosis it appears that pre-rRNA is not sufficiently abundant to be detected by our procedures.
An alternative strategy was used, namely the promoter region and part of the 16s rRNA gene of the mycobacterial rm operon was cloned into a plasmid which contained a cat gene without its promoter as described in Methods. The recombinant plasmid pJYlO4 was used to transform E. coli and transformants were identified by fig. 2 . Identification of the start of transcription of the rrn operon of M. tuberculosis expressed in E. coli. The isolation of RNA, primer extension analysis and electrophoresis of the products are described in Methods. Lane 1, extension products from RNA (12 pg) isolated from E. coli transformed with plasmid ply104 with the promoter in the correct orientation to allow expression of the cat gene. The faster-moving component corresponds to free primer. Lane 2, as for Lane 1 but using 24 pg RNA as substrate. The faster-moving component corresponds t o a partial product terminating close to the end of the Box B sequence (nucleotide 19, Fig. 3 ). Lane 3, extension products using RNA (20 pg) isolated from E. coli transformed by the parent plasmid, which does not contain the M. tuberculosis promoter. The size of a product was deduced from the sequencing ladder obtained by using the same primer for the sequencing reactions as for primer extension. The arrow indicates primer extension products of interest. their resistance to chloramphenicol. The RNA fraction was isolated and used as a substrate in the primer extension assay. The results presented in Fig. 2 indicate a leader region of 191 nucleotides. The transcription start site is found at the 5'-end of the Box B element identified previously (Kempsell e t al., 1972) . This site also corresponds to the third nucleotide from the 5'-end of primer L1 which was used to amplify the leader region of r m sequences (see below).
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Nucleotide sequence of the 5'-flanking, 165 rRNA and spacer-I regions of pre-rRNA
Two parts of the r m operon of slow-growing mycobacteria (see Fig. 1 ) were investigated because of their importance to pre-rRNA structure. Both parts were amplified by PCR, and the products were cloned and sequenced as described in Methods. One part, of approx. 572 bp (positions 1-572, Fig. 3 ), comprised 5'-flanking sequences (approx. 216 bp) and part of the 16s rRNA coding region (approx. 356 bp). The other part, of approx. 936 bp (starting from position 1133, Fig. 3 ), comprised part of the 16s rRNA coding region (approx. 616 bp), the spacer-1 region (approx. 280 bp) and the 5'-end of the 23s rRNA coding region (approx. 40 bp). The principal results are summarized in Fig. 3 .
The 165 rRNA coding region.
The sequence data are considered in three sections. One section reveals that the 5 '-terminal sequence is highly conserved. The 5'-terminal residue of mature 16s rRNA (position 1 in the boxed part of Fig. 3 (1970b) , who amplified and sequenced the coding region of 16s rRNA downstream from the 5'-end and upstream from the 3'-end. The mature 16s rRNAs of the species studied are very closely related in nucleotide sequence and there are approximately 20 differences on average in the sequence of one species compared with another (see Table 2 ). A high proportion of these differences are located in helix 10 of the variable2 region (see Fig. 3 of Kempsell etal., 1792, for scheme for 16s rRNA secondary structure). In general, the sequence of helix 10 is a characteristic feature $ See Rogall et al. (1990b) . %The sequence of the 16s rRNA gene is not of a particular 16s rRNA. Data for helix 10 are presented as evidence which confirms the identity of the mycobacterial species studied. II. 5'-flanking region. The principal features are as follows.
(i) The Box B antitermination element (see Fig. 3 ) is conserved among all the species studied, since an appropriate product was obtained by PCR in each case. On the basis of our previous work (Cox e t al., 1991) we infer that there are unlikely to be more than four mismatches between primer L1 and its target.
(ii) A stretch of 31 nucleotides was found to have an identical sequence in each of the species studied. This region includes the Box A and Box C antitermination signals and the RNase 1x1 cleavage sites which were identified previously (Kempsell e t al. , 1992 In all of the species studied, including M . ttlberczrlosis, the sequence 5'-(T/C)(T/C)CG-3' (nucleotides 110-1 15, Fig.  3 ) was found in the hairpin loop region of helix L1. The sequence might be implicated in a tertiary interaction (see below). 111. The spacer-I region. The spacer-1 region of rm operon was amplified, cloned and sequenced as described in Methods. This region, which extends from the 3'-end of 16s rRNA to the 5'-end of 23s rRNA, comprises approximately 280 bp. The sequence data €or the part of the pre-rRNA transcript (approx. 145 nucleotides) implicated in the interaction with the leader region are presented in Fig. 3 . The number of nucleotide differences, compared with respect to M . avium, is given in Table 2 for each of the species studied. The principal features are set out below.
(i) There are two purine-rich tracts within the first 18 nucleotides at the 5'-end of spacer-1. The first tract at the 5'-terminus has the potential to interact with the antiShine-Dalgarno sequence (Shine & Dalgarno, 1974) at the 3'-end of 16s rRNA, and the second tract has the potential to interact with the 5'-end of 16s rRNA. Thus it is possible that these first 18 nucleotides of spacer-1 play a key role in the processing of pre-rRNA.
(ii) Sequence homologies and homologous substitution provide evidence for the potential of spacer-1 to form three helices, viz. helix S2, helix S3 and helix S4.
(iii) The hairpin loop region of helix S4 contains the sequence CGGG (nucleotides 1830-1 833, Fig. 3 ), which is complementary to the sequence 3'-GC(T/C)(T/C)-5' found in the hairpin loop region of helix L1 of the leader region. This complementarity suggests the possibility of interaction between helix L1 and helix S4 in pre-rRNA.
(iv) The putative stem formed by interaction between the leader and spacer-1 regions is stabilized by 50 or more base-pairs. The spacer-1 sequence complementary to the leader sequences includes a highly conserved region of 31 nucleotides, with 27 positions being the same in all cases. Two transitions and two deletions account for the four differences. One difference (U t) C transition) leads to an extra A -C mismatch in the putative RNase I11 processing site.
A scheme for the secondary structure of pre-16s rRNA
The data presented in Fig. 3 for the leader and spacer-1 regions of pre-rRNA form the basis for a scheme of secondary structure which is supported by sequence interaction between the two motifs in the tertiary structure. The capacity of the 5'-terminal sequence of spacer-1 to interact with both the 5'-and 3'-ends of 165 rRNA is illustrated. L10, etc., refer to the leader region starting from the consensus 5'-end of pre-rRNA. 510, etc., refer to the spacer sequences starting from the 3'-end of mature 16s rRNA (see also Fig. 3 ). In (a) and (b) arrows between residues L40 and L50, and between 5115 and 5120, indicate RNase Ill cleavage sites. The arrow following 5130 indicates the continuation of the polynucleotide chain. In (c) the direction of the polynucleotide chain is shown by arrows which point towards the 3'-end.
homologies and homologous substitutions. The scheme allows for a wide variation in nucleotide sequence. For example, M. az&m and M. leprae have leader regions of 187 nucleotides and 207 nucleotides, respectively, there being a minimum of 64 nucleotide differences. In contrast, the nucleotides involved in base-paired interactions is also noteworthy. DISCUSSION 16s rRNA sequences are more than 98.5% similar (see Table 2 ), there being three differences in helix 10 of the V2 region of the mature 16s rRNA (see Table 2 ). This scheme offers insight into the processing of pre-rRNA to yield 16s rRNA. The scheme proposed for 211. leprae (see Fig. 4a ) is common to all the species studied with the exception of M . tzaberczalosis (see Fig. 4b ), which has two fewer helices in the leader region. The scheme has two novel features. First, the 18 nucleotides at the 5'-end of spacer-1 have the ability to bring the 5'-and 3/-ends of 16s rRNA close together. Secondly, sequences in the hairpin loop region of helix L1 and helix S4 are complementary and therefore have the potential to interact. The high proportion (more than 75%) of The methods used in this study make the leader region of the rrn operon as readily available as 16s rRNA sequences. It is now feasible to amplify the leader region, the 16s rRNA coding region, the spacer-1 region and the 5'-end of 23s rRNA in one or two simple steps. Previously, it was necessary to follow the traditional cloning procedures in order to obtain the sequence of the leader region.
The results presented above extend our knowledge of the rrn operon of slow-growing mycobacteria, including its transcription start site, and provide further insight into the phylogeny of slow-growing mycobacteria, including M . leprae and M . tziberculosis. Fig. 2 ) and M. leprae (Sela & Clark-Curtiss, 1991) shown in bold type. et al. (1984) ; e, Taschke & Herrmann (1986); f, Li et al. (1984) . et al., 1983) .
Functional aspects of the rrn operon I. Transcription start site. The primer extension experiment ( Fig. 2) shows that the rrn operon of M . tubercdosis, expressed in E. coli, has a single promoter which is situated close to the Box B element. A similar location was reported for the promoter activity of the M.
lfprae rrn operon (Sela & Clark-Curtiss, 1991 , 1983) . Further study of the mycobacterial promoters in a mycobacterial expression system is needed to confirm the deductions made from the expression of the mycobacterial rm operon in E. coli.
II. Production and processing of pre-16s rRNA. Pre16s rRNA is likely to be produced by RNase 111, which introduces a double cleavage in the stem (see Fig. 4a, b) .
Taking M . leprae as an example, pre-16s rRNA is likely to comprise 16s rRNA with approximately _ _ 160 nucleotides upstream from the 5'-end and approximately 113 nucleotides downstream from the 3'-end. Two other RNases are implicated in the maturation process: one which cleaves R,U to generate the 5'-end, and another which cleaves U,A to generate the 3'-end of 16s rRNA. This pathway, leading to mature 16s rRNA, is in accord with that proposed for E. coli (for a review see Apirion & Miczak, 1993) . However, except for RNase 111, few details are known about the enzymes that are involved.
(i) Generation of the 5'-end of 16s rRNA. The potential 5'-end of 16s rRNA is marked by helix L5, helix Sl and helix S2, as illustrated in Fig. 4(a) . In each case there is either a G,U or an A,U bond in which the G or A residue is not base-paired but the U residue is paired with an A residue in the first base-pair in a run of either six or seven base-pairs. We propose that the 5'-end of 16s rRNA is generated by the cleavage of this RpU bond. (Suzuki e t al., 1988) , was reported as ,UUUGU. The difference of one U Mycobacterial pre-rRNA residue in the observed and predicted sequence is within experimental error.
(ii) Generation of the 3'-end of 16s rRNA. The sequence of the anti-Shine-Dalgarno element at the 3'-end of 16s rRNA and the contiguous purine-rich tract at the 5'-end of spacer-1 are the same in all the slow-growers studied. The two regions have the capability of interacting to form a helical loop as shown in Figs 4(a) and 4(b)
respectively for M. leprae and M . tuberculosis. According to this scheme, the 3'-end of 16s rRNA of the slow-growers is generated by the cleavage of a U,A bond, the U residue being located within a loop of non-base-paired residues.
Comparison of mycobacteria with other genera.
The single r m operon of slow-growing mycobacteria has features in common with the rrnO operon of B. subtilis (Ogasawara e t al., 1983) . The rrnO operon is also transcribed mainly from a single promoter (P2), the leader region comprises 176 nucleotides, and the Box A element and RNaseIII processing site leading to pre-16s rRNA formation are homologous with the mycobacterial sequences. Other Gram-positive bacteria, including Streptomyces and Mycoplasma, share homologies with mycobacteria and B. subtilis (see Table 3 ). These homologies extend over part of the invariant 31 nucleotide stretch present in mycobacteria.
The sequence near the 5'-end of spacer-1 of B. subtilis is capable of binding both 5'-and 3'-ends of 16s rRNA (see Fig. 4c ) in a structure which is comparable with the same structure of mycobacteria (see Fig. 4a, b) . A number of strategies may be envisaged for highlighting the 5'-and 3'-ends of 16s rRNA in preparation for enzymic cleavage from pre-16s rRNA. For example, it is possible that in E.
coli it is sequences at the 3'-end of the leader region which play a key role in presenting the 5'-and 3'-ends of 16s rRNA for processing.
Phylogeny
Comparison of 16s rRNA nucleotide sequences is an accepted method for establishing phylogenetic relationships in mycobacteria (see for example Rogall e t al., 1990b) . Analysis of 16s rRNA sequences and the ranking of relatedness of the leader and spacer-1 sequences by PILEUP (see Fig. 3 leprae, although an extremely slow-grower, has a typical mycobacterial rm operon (see Figs 3 and 4 and also Sela e t al., 1989; Estrada-G e t al., 1989; Teske e t al., 1991) . (2) Ranking according to 16s rRNA sequence data sets M.
simiae apart as being the most distantly related to the other slow-growers whereas PILEUP (Fig. 3) Table 2 ). However, the supplementary data reveal a different situation. In total there are 10 nucleotide differences in the leader regions of M . avium and M . intracellulare but many more (82) differences between M . marinum and M . tuberczalosis which are spread throughout the region (see Fig. 3 ). (4) The leader sequence of M. tuberculosis (and M. bovis) downstream from nucleotide 147 (see Fig. 3 ) diverges from the sequences of the other slow-growers studied to an extent which sets M.
tuberculosis apart, particularly with respect to the putative secondary structure of the leader region (compare Figs 4a and 4b). Thus, sequence data for the leader and spacer regions may modify and refine the view of interspecies relationships provided by comparison of 16s rRNA sequences alone. If the 16s rRNA sequences represent the hour hand of a clock measuring evolutionary time then the leader and spacer regions may represent the minute hand.
Finally, the accessibility of the leader and spacer region of the rm operon to amplification by PCR has revealed new targets for species specific probes and has extended the range of options for identifying slow-growing mycobacteria.
